A textbook interpretation of quantum physics is that quantum objects can be described in a particle or a wave picture, depending on the operations and measurements performed. Beyond this widely held believe, we demonstrate in this contribution that neither the wave nor the particle description is sufficient to predict the outcomes of quantum-optical experiments. To show this, we derive correlation-based criteria that have to be satisfied when either particles or waves are fed into our interferometer. Using squeezed light, it is then confirmed that measured correlations are incompatible with either picture. Thus, within one single experiment, it is proven that neither a wave nor a particle model explains the observed phenomena. Moreover, we formulate a relation of wave and particle representations to two incompatible notions of quantum coherence, a recently discovered resource for quantum information processing. For such an information-theoretic interpretation of our method, we certify the nonclassicality of coherent states-the quantum counterpart to classical waves-in the particle picture, complementing the known fact that photon states are nonclassical in the typically applied wave picture.
Particles and waves are mutually exclusive concepts in classical physics. A remarkable property of quantum theory is that such a distinction is no longer true. Consequently, the paradigm of wave-particle dualism was postulated, stating that quantum-mechanical objects can behave as waves or particles in different scenarios [1, 2] . Today, we know that, for example, particles can indeed interfere [3] , and waves can be observed as single quanta [4, 5] . Maybe to avoid giving up classical concepts, the popular interpretation still is that, depending on the context, quantum systems can be described in a particle or wave model; we aim at disproving this believe.
While appearing as a counterintuitive concept, quantum mechanics and its experimental confirmations testify the validity of this theory. For example, electromagnetic light waves do come in quantized energy packets [6, 7] , photons. This seminal finding-together with the invention of the lasermark the advent of quantum optics, the modern field of research devoted to the study of quantized radiation fields [8] [9] [10] . Beyond the investigation of fundamental aspects of nature, nowadays, optical quantum systems also provide a versatile platform for the implementation of novel applications in quantum computation and communication [11] [12] [13] [14] .
Depending on the circumstances, the interpretation of experiments with light requires different descriptions. On the one hand, the vast field of classical optics is determined through Maxwell's theory, highlighting the wave nature of light. On the other hand, photon-antibunching [4] and HongOu-Mandel (HOM) experiments [15] are key examples for observations which rely on the particle characteristics of light. Therefore, each experiment in quantum optics requires a different reference frame, favoring either a photon-particle description or electromagnetic waves. However, it has not been challenged weather there are experimental situations in which either framework fails to explain the measured data. Among other reasons, this surprising gap in our knowledge may be due to a lack of criteria which are capable to simultaneously quantify the inconsistency with wave and particle models. Here, we overcome this deficiency.
For achieving our goal of demonstrating that neither waves nor particles deliver a viable model for quantum-optical experiments, we design a setup (see Fig. 1 ) that is surprisingly simple and consists of building blocks which are known to be consistent with one of the classical pictures only. Specifically, we employ (50:50) beam splitters, whose operation is described in terms of electromagnetic waves, and photon detectors, a particle counter.
Our figure of merit to assess the applicability of the distinct models under study is given in terms of the measured correlation which can be expected for waves and particles. Suppose M and N are the random variables that describe the top and right measurement outcomes, respectively, of our interferometer in Fig. 1 . In addition, P(X,Y ) is the probability distribution for input parameters X (left) and Y (bottom). The measured covariance matrix takes the form
where "Var" and "Cov" denote the variance and covariance, respectively. This covariance matrix can be decomposed as C = B + C by applying the statistical laws of total variances and covariances [16, 17] , which are based on conditional expressions for input settings Z = (X,Y ). Specifically, is the mean value of a conditional covariance matrix, where E denotes the expectation value with respect to the input distribution P, and C =
is a covariance matrix of conditional mean values [16, 17] . The latter covariance matrix is always positive semidefinite, C ≥ 0. Consequently, one readily finds that
holds true for any classical distribution P. In particular, the minimal eigenvalue e of the 2 × 2 matrix C − B has to be nonnegative. In the following, we apply the classical particle and wave picture to determine B for both cases, resulting in B part. and B wave . Then, a violation of the above constraints, i.e., e wave < 0 and e part. < 0, verifies the incompatibility of the measured data with the particular model under study. Firstly, we may formulate bounds to the covariance matrix for particles. Regardless of the input port, a single photon has the probability 1/2 to be directed to the top or right detector in Fig. 1(b) as we have a 50:50 splitting ratio. Consequently, if X independent particles of light from the left and Y from the bottom direction are distributed to the detectors, we directly get a binomial output distribution,
for the detection of M photons on the top and N = X +Y − M photons on the right detector. Thus, the covariance matrix takes the well-known form
under the constraints of the single input setting Z = (X,Y ). When averaging over arbitrary inputs, we then get the correspondingly defined matrix-type bound
where E(M + N) is the mean total particle number. It is worth mentioning that losses can be treated as a statistical mixture of fewer particles sent into our device, which is already captured by the averaged expression for B part. above. Secondly, a classical wave model can be derived as follows. Suppose Z = (X,Y ) correspond to the two amplitudes of the electromagnetic fields at the input, cf. Fig. 1(a) . Then, the classical operation of the beam splitter maps X → X = (X + e iϑ Y )/ √ 2 and Y → Y = (Y − e −iϑ X)/ √ 2, with a phase factor e iϑ . A classical model for each detector can be achieved by assuming that the detector-say the one on the rightconsists of many elements (e.g., D atoms) which individually have the probability p(X ; D) to result in small signal (i.e., click) for the field amplitude X of the impinging light on that elements and for arbitrary light-matter interactions [8] . This means that for signals from N elements, one obtains the distribution
In the limit of a macroscopic number of atoms, it is well-known that one approaches the Poisson distribution e −λ (X ) λ (X ) N /N!, with a mean value lim D→∞ Dp(X ; D) = λ (X ) = E(N|Z). Note that this detector is not affected by the other (orthogonal) output mode of the beam splitter, Y ; thus, we have independent statistics for both detectors, which are assumed to operate in the same manner. Consequently, the covariance for the single setting of input amplitudes X and Y reads as Note that losses can be modelled through the detection probability p, likewise λ . Again, we may average over arbitrary inputs Z to get the desired matrix-type bound for waves,
Based on classical models for our device, consisting of an inherently wave part (beam splitter) and particle-based components (detectors), we have now formulated two constraints, C−B part. ≥ 0 and C−B wave ≥ 0, which have to be satisfied by particles and waves, respectively. It is also worth emphasizing that both criteria are formulated in terms of measurable quantities only. Furthermore, efficiencies do not affect the overall form of our expressions, rendering it robust against unavoidable losses. Similarly to Bell's approach to derive his seminal inequality [18] , our criteria are based on the existence of a classical statistical description, P(X,Y ), of our experiment to account for the observations made and which can be violated by quantum physics.
Thus, we may use quantum theory to make the predictions about the outcomes of our device for different input states; see the Supplemental Material (SM) [19] for details. Calculating the minimal eigenvalues e part. of C − B part. for photon-number input states |m, n , quantum particles of light, we confirm that this eigenvalue is nonnegative. Similarly, we find for the minimal eigenvalue of C − B wave that e wave ≥ 0 holds true for coherent input states |α, β , the quantum counterpart to classical waves. However, in Fig. 2 (a) and 2(b), we can observe that e part. < 0 for coherent states and e wave < 0 for photons hold true, certifying the states' nonclassical properties in the corresponding antipodal pictures. Furthermore, we expect from our quantum-mechanical calculations that squeezed input states are promising candidates that violate both constraints simultaneously, motivating our implementation.
We now briefly describe the experimental setup to realize the scheme in Fig. 1 ; see the SM [19] for all technical details. A titanium sapphire laser delivers picosecond pulses that pump a periodically poled potassium titanyl phosphate waveguide. This generates two-mode squeezed vacuum via type-II spontaneous parametric down-conversion. FIG. 3 . Experimentally verified wave-particle violation (nonclassicality e wave/part. < 0) as a function of the total mean photon number E(M + N) (likewise, unit-free total intensity) for squeezed states. Classical wave and particle models predict values e part. ≥ 0 and e wave ≥ 0 and can be ruled out. However, quantum theory, not being restricted to waves or particles, is consistent with our data (dashed line). Note that the error bars for E(M + N), horizontal axis, are depicted but much smaller than the used triangle and square symbols.
The two modes propagate through our fiber-loop-based timemultiplexing network [20] , which yields two temporally overlapped squeezed vacuum states of orthogonal polarizations. Finally, to implement the protocol of Fig. 1 , the two singlemode squeezed states are symmetrically mixed using a halfwave plate followed by a polarizing beam splitter and detected using a two-mode time-multiplexed detection layout.
The latter detection layout uses the same device for the two output pulses at different times, realized via a delay line [21] and satisfying the assumption that both detectors operate in the same manner. It is also worth emphasizing that true photon-number resolving detectors do not exist. Our detection scheme has indeed a pseudo-photon-number resolution which is rigorously accounted for by realizing small intensities only and adding a systematic error to our statistical analysis [19] .
In Fig. 3 , we show the results of our correlation analysis when squeezed states enter our interferometric device. In particular, we can certify with high statistical significance-up to 8 standard deviations below the classical threshold of zerothat a nonclassical interpretation of our data is essential since neither the wave (e wave < 0) nor the particle picture (e part. < 0) is applicable. By contrast, quantum theory provides a correct description of our data which can be seen from the theory curve, dashed line in Fig. 3 .
The quantum-optical interpretation of our data goes as follows. When two squeezed states are combined on a beam splitter with specific phase and amplitude relations, an entangled two-mode squeezed vacuum state is produced which is ideally described through perfect photon-photon correlations. By contrast, recall that the particle model predicts anti-correlations and the wave model no correlations. Furthermore, our quantum-mechanical calculations [19] yield the linear relation e part. = e wave = −ηE(M + N)/2, which is in agreement to Fig. 3 when taking error bars into account. The efficiency is the only fit parameter and thereby estimated as η ≈ 2.4%, combining losses in the state generation, coupling, and detection part of our setup. This presents a challenging situation which is, however, demonstrated to not affect our conclusions of nonclassicality because of the robustness of our criteria. Still, a relatively long total measurement time (∼ 9 min) for each squeezed state is required to accumulate enough data for a statistically significant evaluation. Furthermore, the conclusion that both the particle and wave description can be ruled out is verified for total intensities which span over one order of magnitude, 0.005 E(M + N) 0.05.
Beyond considerations based on classical models, recent approaches, aimed at applications in quantum technology, sparked a renewed interest in questions about the waveparticle duality [22] [23] [24] [25] , even leading to revisiting more fundamental aspects of this duality [26] [27] [28] [29] . For instance, quantum key distribution protocols with coherent states (see, e.g., Refs. [30, 31] ) requires a quantum-mechanical framework in which one has to evaluate the nonclassical character of such wave-like states as a quantum resource for this task.
On the one hand, the traditional quantum-mechanical definition of a classical state, being consistent with the wave description, is based on the Glauber-Sudarshan representation [32, 33] . Here, a multimode stateρ is classical if
and P ≥ 0 for all coherent field amplitudes (α 1 , α 2 , . . .) hold true [34, 35] . Clearly, a coherent state is classical in this regard. On the other hand, the recently developed resource theory for quantum coherence typically employs orthogonal states; see Refs. [36, 37] for reviews. From this point of view, a stateρ is classical, i.e., incoherent, if it can be represented in a diagonal form of multimode photon-number stateŝ
In Eqs. (6) and (7), a classical state is given by a statistical mixture of tensor-product states which are either consistent with the wave picture, |α 1 , α 2 , . . . , or particle description, |n 1 , n 2 , . . . . It has been shown that if a state is nonclassical with respect to at least one of these complementary definitions, this state serves as a resource for quantum protocols, e.g., by allowing the generation of entangled states [38, 39] . For additional discussions about the incompatibility of both concepts of nonclassicality, we refer to Refs. [40, 41] . In connection to our criterion, we can further conclude that e wave < 0 and e part. < 0 serve as nonclassicality witnesses in quantum optics [Eq. (6) ] and quantum information theory [Eq. (7)], respectively. This is true since-as shown with our theoretical analysis-the corresponding classical reference states, including mixtures thereof, cannot lead to negative eigenvalues.
While the nonclassicality of photon-number states is well documented in the literature (see, e.g., the HOM experiment [15] and recent realizations for higher photon numbers [42] ), an experimental verification of the nonclassicality of coherent states has, to our best knowledge, not been performed to date. For this reason, we prepared coherent states by coupling laser light into our fibre-loop time-multiplexing network instead of TABLE I. Results, including relative errors, of the wave-particle classification for the generated coherent states with different mean total photon numbers (first column). The second column shows that e wave = 0 holds true within error margins, which is the expected outcome for coherent states that are the quantum analog to classical waves. For most coherent amplitudes, the third column certifies with high statistical significance that coherent states are nonclassical with respect to the particle picture, e part. < 0.
e wave e part. down-converted light. This prepares two orthogonally polarized coherent states to be probed with our device in Fig. 1 .
The results of our analysis can be found in Table I . Firstly, as expected, the data are consistent with the wave picture since deviations from e wave = 0 are insignificant within the relative error margin. Secondly, however, we also clearly see that coherent states are nonclassical with respect to a reference frame based on particles, e part. < 0. With increasing coherent amplitudes, determined through E(M + N), the certified nonclassicality is shown to increase, cf. Fig. 2(a) . Thus, the nonclassicality of coherent states is experimentally certified, implying the usefulness of such states for quantum information tasks. This also clarifies in a rigorous manner the frequently observed confusion between different communities that attach different definitions to what can be considered as nonclassical.
In summary, we revisited the wave-particle duality. Specifically, we have shown in theory and experiment that, already for relatively simple instances of quantum-optical setups, a particle and wave interpretation of quantum light simultaneously fails to explain the measured data. This proves that neither the wave nor the particle description is sufficient to explain the properties of light which, consequently, leads to questioning the usefulness of such classical notions in the context of quantum systems.
For showing this, we derived criteria which have to be satisfied if either picture provides a valid description of our interference device. This setup was purposefully designed in such a way that it combines components which are naturally connected to only one interpretation of quantum light, i.e., using beam splitters for waves and photon counters for particles. Feeding our device with squeezed states, our analysis showed with high statistical significance that the observed correlations are inconsistent with both the particle and wave model at the same time. However, the quantum interpretation provides a correct model of our observation as it is not limited to either model. We emphasize that all results are directly obtained from the data taken, without performing corrections or postselections and including careful estimates of random and systematic uncertainties; that our criteria are robust against losses and derived from classical considerations; and that the applied method extends to higher orders and multimode systems via multivariate and higher-order conditional cummulants. Furthermore, we realized a scenario which employs coherent states. In this case, our criteria showed that the particle description could be ruled out conclusively, demonstrating the nonclassicality of coherent states. This complements the predominantly applied viewpoint in which it has been frequently shown that photon-number states are nonclassical with respect to a wave picture. The verified nonclassicality also enables us to assess the usefulness of coherent states as a resource in information processing, inspiring an alternative way of thinking about the wave-particle duality as a quantum resource.
In the future, one has to expect a high demand for protocols which simultaneously require multiple resources of quantum coherence for developing interfaces between different quantum information platforms. Our approach, based on complementary waves and particle states, may serve as a starting point for such developments. In this context, our results on squeezed states confirm their simultaneous nonclassicality with respect to two complementary notions of quantum coherence. This implies the potential to use such states for interconnecting different resources in quantum technologies.
In conclusion, we developed an alternative view on a fundamental paradigm of quantum physics by rejecting both the wave and particle concept in a single experiment and by exploring the resulting usefulness as a resource for quantum information applications.
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SUPPLEMENTAL MATERIAL
Here, we provide technical details about the modeling of the quantum states under study, including losses (Sec. A), the data analysis and error estimation (Sec. B), as well as our experimental setup (Sec. C).
Appendix A: Quantum description
To interpret our approach in the quantum-mechanical domain, we can straightforwardly identify measured moments. In particular, we have E(M) = n A and E(N) = n B for the first moments, withn S denoting the photon-number operator of the measured mode S ∈ {A, B}. The variances and covariance are defined similarly, Var(M) = (∆n A ) 2 , Var(N) = (∆n B ) 2 , and Cov(M, N) = (∆n A )(∆n B ) , where ∆x =x − x for arbitrary observablesx. In addition, loss can be described via the standard transformations [9, 10] n S → η n S , n 2 S → η 2 n 2 S + η(1 − η) n S , and n AnB → η 2 n AnB , for a quantum efficiency 0 ≤ η ≤ 1.
Interfering two identical squeezed states on a 50:50 beam splitter with a well-adjusted phase relation yields a two-mode squeezed vacuum state, which has the joint photon-number statistics, p n A ,n B = δ n A ,n B (1 − q)q n A , where 0 < q < 1 corresponds to the amount of squeezing and δ denotes the Kronecker symbol. From this distribution, we can directly compute ideal moments as
Including a non-unit quantum efficiency, 0 < η < 1 for A and B, we then get the covariance matrix,
as well as the matrix-valued bounds
(A3) From this, we compute the minimal eigenvalue for C − B wave , e wave = −η 2 q/(1 − q). Similarly, we find the same eigenvalue e part. = −η 2 q/(1 − q) for C − B part. . The total mean photon number is n A +n B = 2ηq/(1 − q), including losses. Note that the eigenvalue is negative for all non-zero efficiencies, and we can identify e wave = e part. = (−η/2) n A +n B . This relation is used for the fit of the data to this quantummechanical prediction, cf. Fig. 3 in the main part, and in which we have only one free parameter, η.
Analogously, one can compute the corresponding eigenvalues for other input states. In particular, when including losses, we find for the coherent state |α, β e wave =0 and
and for the photon-number state |m, n e wave = − η 2 m + n 2 and
Recall that the beam splitter transformation maps annihilation operators asâ → (â + e iϑb )/ √ 2 andb → (−e −iϑâ +b)/ √ 2. The above results for the special case η = 1 (as well as m = n and α = β , with ϑ = 0) are used for the plots in Fig.  2 in the main text. Here, the results of our data analysis for coherent states (see Table I in the main text) are additionally visualized in Fig. 4 . Furthermore, one can rather straightforwardly deduce from Eqs. (A4) and (A5) that e part. for coherent states and e wave for photon-number states are negative for η > 0 iff the same holds true for the lossless case.
In general, losses in optical systems can be modeled via a beam splitter operation in which the quantum efficiency η corresponds to the amount of transmitted light, while also tracing over the loss (reflected) mode [9, 10] . On the one hand, one gets |α → | √ ηα for coherent light. On the other hand, the loss relation for an n-photon state reads |n n| → ∑ n m=0 n m η m (1 − η) n−m |m m|. In both cases, we obtain (mixed) states which are still classical within their respective reference frames, explaining the robustness of our method against losses.
Let us give some additional examples of states which are interesting for our considerations. It is worth recalling that we study two complementary notions of quantum coherence, one defined as a convex mixture of coherent states-the typical approach in quantum optics-and one as statistical ensembles Table I of the main text and including additional data points not shown there. The results are consistent with the expected value zero for waves, e wave ≈ 0 (cyan) [cf. Eq. (A4)]. The particle description is clearly not applicable, e part. < 0 (magenta).
of photon-number states-more common in quantum information theory. A state which is classical in the corresponding wave and particle picture is a thermal state,
The same holds true for the vacuum state |0 0|. When probed with our interferometer, thermal (vacuum) states at each input result in e wave ≥ 0 and e part. ≥ 0, which is clear as the thermal state is simultaneously diagonal in the coherent-state and photon-number bases, cf. Eq. (A6). Conversely, a squeezed state is an example of a state that exhibits quantum coherence in both pictures as demonstrated via our main result. It is also worth recalling that a coherent state is a quantum superposition of photon-number states, |α = ∑ ∞ n=0 e −|α| 2 /2 α n |n / √ n!, and a photon-number state can be expanded via coherent states, |n = d 2 α π −1 e −|α| 2 /2 α * n |α / √ n!, using the identity in the form1 = π −1 d 2 α|α α|. Both show that the quantum superposition principle is required to describe these states in their complementary bases, representing the fundamental idea of the notion of quantum coherence.
As a final remark, it is worth emphasizing that e wave/part. ≥ 0 means that the outcome of our analysis is compatible with the respective picture, wave/particle. It does not mean that this description in a classical picture is necessarily true (or the only consistent description) since other measurement scenarios could reveal other forms of inconsistencies, i.e., quantum coherence. However, a significant deviation from the derived constraints is sufficient to certify without a doubt that the picture under study is not applicable. As it is common in physics, a result cannot be validated, but it can be falsified. 
where the notation (x) m = x(x−1) · · · (x−m+1) = x!/(x−m)! is used and : · · · : denotes the normal ordering [9, 10] . Note that the above relation applies to ideal TMDs and imperfections, such as a finite quantum efficiency, can be handled by introducing attenuation to the state, rather than the detector. In addition, it is worth recalling that from the factorial moments, one can directly reconstruct the moments as well. In order to estimate photon-number moments from clickcounting detectors, we can apply a Taylor series expansion as long as the photon number distribution is sufficiently bounded (see Ref. [44] for details), 
where the third line is obtained by applying the approximation in Eq. (B3). As final remarks, let us firstly recall that we have [43] 
where x m = 0 for the binomial coefficients when x < m. This relation for M m A ,m B can be directly applied to our data to estimate mean values and random errors. Secondly, we can directly estimate photon-number moments from the factorial ones in Eq. (B3),
using :n: =n and :n 2 : =n(n −1). Thirdly, we have D = 8. It is also worth mentioning that a standard quadratic error propagation is applied throughout our data analysis. For details on the experimental estimation of minimal eigenvalues of a matrix, see, e.g., the Supplemental Material to Ref. [21] . an elctro-optic modulator (EOM) and a polarizing beam splitter (PBS-I), is coupled into a 2.5 cm long periodically poled potassium titanyl phosphate (ppKTP) waveguide. See [45] for a detailed characterization of a similar waveguide source. The combination of the EOM and the PBS enables downsampling of the pulse repetition rate (from 76 MHz to 76 kHz) that is compatible with our time-multiplexing scheme. These picosecond pulses pump the ppKTP waveguide that generates two-mode squeezed vacuum (TMSV) via type-II spontaneous parametric down-conversion (SPDC). This choice of the pump spectrum and the waveguide length ensure a single Schmidt mode (FWHM 1.2 nm) for the two down-converted polarizations (signal and idler both centered at 1547 nm). Moreover, the picosecond SPDC source guarantees a negligible effect of dispersion inside the fiber-loop. The pump is filtered out using a longpass filter. After passing through a bandpass filter (FWHM 2 nm), the two down-converted modes are sent to a fiber-loop based time-multiplexing setup that acts as a reconfigurable interferometer in the present study; see [20] for a detailed characterisation.
In our time-multiplexing part, PBS-II directs horizontal (H) and vertical (V) polarization towards two paths of different fiber lengths while PBS-III redirects them along the same path, thus creating a well-defined delay (104 ns) between the two polarizations, cf. Fig. 5(a) . By manipulating the polarization of the pulses with two fast-switching EOMs in the two paths, we control whether the pulses are fed back into the loop or are directed to the detection unit. This deterministic in-and out-coupling facilitates dynamical reconfiguration of the interferometer. The two polarizations exiting the timemultiplexing loop are symmetrically mixed using the combination of a half-wave plate (HWP) and PBS-IV.
Finally, the two beam splitter outputs are detected using a two-mode time-multiplexed detection (TMD) [21] where each pulse is divided into eight subsequent pulses (time bins) that are detected in a time-resolved way with two superconducting nanowire single-photon detectors (SNSPDs), shown in Fig.  5(b) . The separation between the time bins is around 100 ns that allows to resolve them almost perfectly with our SNSPDs, having a 50 ns dead time. From the eight-bin click distribution of each pulse, we construct covariance matrices of the two pulses injected into the TMD, cf. Sec. B.
In case of measurements with the squeezed vacuum states, a HWP at 22.5 • followed by PBS-II symmetrically mixes the two down-converted polarization modes. This creates two separated squeezed states in H and V polarization, propagating along the short and long path of the fiber-loop, respectively. The EOMs then switch the polarizations (H to V and vice versa) and sent them into the feedback path, where a HWP at 45 • enforces another polarization flip. Thus, the H pulse that traversed through the short path is now redirected towards the long path, while the V light coming from the long path goes to the short path. Next, the EOMs perform another polarization switching to ensure that the two polarizations exit the loop. This particular design of the time-multiplexing loop ensures that two squeezed states at the output are temporally overlapped. Henceforth, the subsequent HWP at 22.5 • and PBS-IV implement symmetric (i.e., 50:50) mixing of the two squeezed states, and the outputs are detected with TMD.
It is worth noting that the above scheme successively implements two beam splitter operations on a TMSV state-one aimed at producing two separable squeezed states and another one to implement the beam splitter in our interference device. In principle, this returns the same TMSV state under ideal conditions. Therefore, we additionally analyze the TMSV state from the SPDC source where the two down-converted modes are directly sent to the TMD without any mixing. This is achieved simply by removing all the HWPs from the setup and switching-off the EOMs. As expected, the results (not presented here) show similar trend as in Fig. 3 of the main text, however, with higher quantum efficiency, η ≈ 12%, because the fibre-loop network contributes less to the total loss.
For the measurement with coherent states, we put the flipmirror up that couples picosecond light pulses from a laser source (PicoQuant, centered at 1550 nm, FWHM ∼ 0.2 nm) into the time-multiplexing loop while blocking the SPDC light. We utilize the same loop design as in the squeezedstate-based experiment that now leads to two coherent states of orthogonal polarizations at the output of the loop. The two coherent states are symmetrically mixed at the PBS-IV and also detected with TMD.
